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CHALCONE DERIVATIVES AND USES THEREOF 



NOVEL BORONIC 
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HI onno and U S. Provisional Patent 
ADDlication No. 60/388.255 filed June 13. 2002. and u.^. 
Appiicaiion iNu. « ^ ^ , o onn-^ both of wh oh are 

Application No. 60/444.429 filed Febnaary 3. 2003. both 
incorporated herein in their entirety by this reference. 

BACKGRQUNaQFJi^^ 

^^^^^^^ 

thereof. The compounds of this invention are pa.icu.a.y useful for the 
treatment of tumors and cancers, 
p^o^ri ptinn of th - the Art 

entireties i>rto this application ,n oMer to more ^ y 

art as kno^n to those skilled therein as of the date of th,s 

and claimed herein: 

r Pxoected to account for 203.500 new cancer cases 
3nd e^rLX-. A. et a,.. C. Cs^^^. - - 

:"Anho..hn,a,or advances have heenmade^^^^^^^^ 

prevention, and Ueatn^nt tt^e need for '"^'^^^^^^J^^ 

.3te sta. — — have .ai-ed 

25 treatment for women With metastatic orea ^..^-.th novel 

adWvanttherapies. ^nd etfectK^ ■^'^ed t^^^^^ 
mechanisms of ac«on are ^^^^an, chemotherapy, while of 

women with metastatic ^^^^"^^^ derail sun,iva. and the 
subsuntial palliative benefit, has hadlrtUe impa 
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. -♦^onr«»r At the present time standard 

treatments for metastatic breast cancer inciuu y , u ^= 

:ra,Ka>olds.etopos,de,a.do*erregi.ensma.i^^^^^^ 
anthacydlnes, a,Ma«ng agenU, an«metabo.ftes, Umoxrfen, and a-^-^- 
L Jrs (Chabner BA, Co.ns M. Cancer cHe— pnnc.pa. 

Q i-^ and 40-85 B Lippincott Company. Philadelphia. 1990). 

maiority of «ilh metastatic breast paftents. rt .s l.ke.y to 
„aior advances have been made in earty detect,on. prev«,.,.. a .e 
Lriy disease, the need for more effective the,apy ,n the fight aga,nst 
stage breast cancer continues. 

Recenay the mouse doubie minute 2 (MDM2) oncogene has been 

^8 26 3^53 is ampi.- or overe.pressed in human breast 

er an^MoL iL .=ciated with poor prognosis o, human breast 

cand TheoncoproteinMOM2inhibitsthetumorsuppressorprote,np 3by 

3 human cstacer either by mutations or y 22 372-374; 

- « ^ uoii P A Trends Biochem. Sci,.^^>i',^^>^"- 
MDM2 (Lane. D. P. and Hall. P. A.. / ren . 

Oliner J D et al.. Nature, 1992. 358. 80-83; Lozano. G.. Montes de Oca 
Oliner. J. u. ei M55-M59; Wang. H. et al., 

Luna. R.. Biochim. B.ophys. Acta. 1998. 137 , expression 
CWca/ CancerRes.. 2001, 7, 3613 3624)_ .^^^^ 
« of MDM2 inactivates an otherw,se ,ntact p53, 0-ab^ng 9 ^ 
Checkpoint and a.,ov.ng c.,. <.d^^^^^^^^^^ 

et a,.. a.. -''^;^^^Z^ZZL^ are m^uaiiy e.Cusive 
::r=rrnorn.atthep.ma..mpa^^^^^^^^^^ 

30 cancerceiisis^einactiv^^^^^^^^^^^ 

supra). It has been shown recently xn«*i k k 
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^ ♦^^ath of cells overexpressingMDM2 
s«.o induce pSS^ependentaea* o^^«s^^^ ^.^ 

(WasyWK C et a,.. Oncogene, ^^'^'^^ ^ e«eo«ve in 

Cear evidence mat disrup.on o, *e p5 /MDM2 P ^ 
cancer *erapy. It has been shown ^^^^^Ts^ at a,.. Sconce, 1990, 249. 
growth P53-Wependentmechan,sn^(BaKer^ ,;5„2.5781; FaKharzadeh. 

S. S., et al., EM80 J.. 99^. • ^ ^^^^ „ , c.;r. 

R., et al.. Senes Dev.. 1997, ' j. cancer 

r:: :r Ip nci^^^^^^^^ - wii.ns ™e... 

Chemotherapy principal and practice, upp 
Philadelphia. 1990; pp 9-13 and 40-85B). 

considered as the precursor of flavono. ^ ^^.^^ 

; edible plants. Chemically they -^^^^^^^^^^^^^^^ carbony. system, 
aromatic rtn.sareioinedbya*ree^-n.Mn^^^^^ 

For example, chalcones have (Oe Vincenzo. R.. et a,., 

■ established and pnma,y c.ar,a -^^^^ ^, ct^lcones have been 

^"'^^"~;7:°Je„;^easant»umor agents in sKin 
,0 demonstrated to be -"^^"''e Yamamoto, S. et al., 

CStatomi, V.' U. cbemopreven«ve agents in seve.l 

Cardnogenesis, 1991, «, 317 dancer Res., 1996. 56, 4904-1909; 

e^rtment^models(Ma.^^-.e-;^;-^^^^^^ 
Rui, H., Ce«. ^^'^^^^^ ,3,, „3t tbese chalcones 

as Le«., 1994. aa, ^^'-^'^^^ ' ..ast cancers (Caude-Ala-n. 

induce apoptos,s ,n vanety of cel. WP ^^^^ ^^^^3. 

C, et a.., AnfcanoerRe., 2001^ 2 ^ ^ ^ ^ ^ 

96/19209; U.S. Patent No^ "08^^^^ M ^ 333.344; 
MO,. 8«., 2002. 82, 31S-3^^^^-»'^;;^;;;„ ,,,, ,002. 43. 2615-2618,. 
30 OiCesare. N. and ^^^^^ compounds could disn.p. the 
Biochemical experiments have snown 
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MDM2/P53 protein complex, reteasing p53 from both tt,e p53/MDM2 and DNA- 
bound p53rtiflDM2 complexes (Stoll et al., supra). 

Carboxylic chalcones have shown promising therapeutic efficacy for 
the management of human cancers (Daskiewicz, J. B.. et al,. Te^Xe^ 
Len. 1999, 40. 7095-7098; Devincenzo, R., et al.. Anti-Cancr Dnjg Des^ 
1995 10 481-490). Previous studies (Stoll et al.. supra; Kussie. P. H . et a... 
Sc/ence,'l996. 274. 948-953) oo the binding modes of carboxylic acd 
analogs of chalcones with MDM2 ..vealed that the carboxylic acd group 
could be placed near the base o, Wsine51 (K51). which is found .n a sa 
bridge interaction with glutamic acid 25 (E25). it was presumed 
g Jp of the chalcone fom,s a salt bridge with K51 and simultaneous ybre .« 
the salt bridge with E25 of the M0M2. However. cart>oxylic acd analogs of 
I cone reported in the IHerature (Stoll et al., s.p.) are e<,ual. to>»= to oth 
nom,al and mal^nant breas, epithelial cells. The toxicity to nom»^^east 
cells may be due to MDM2/P53 independent mechanisms. Therefore, a 
c alcone derivative that could strongly and irreversibly bind to and d,s. t 
MDM2 protein complexes may be selectively toxic to MDM2 overexpress.ng 
breast cancer cells. 

Boronic acids are Lewis acids and isosteres of carboxylic acid. The 
0 pKa's of boronic acids are about 9-10, and therefore a. ^'^^^'^ 
boronic ad^ds remain union^ed (TongcharoensiriKul, P., e. al., Absfracfs of 
Zers. 222- ACS national meeting. Chicago, IL. August 26-30; Amen«n 
chemical society, Washington. DC. 2001 ; MEDl-224). Thus a coor^^ 
covalent bond (boron-nitrogen) can be fomned between a electron de .cent 
. : onlc acid moiety and electron dona«ng amino ^^''-^'^^^^^^^l 
enhance binding of boroni«ha.cones with the lys.ne 51 of ~ "J^'^ 
pH when cmpared to the con^sponding carboxylic acd analog of chalcones. 

Boronic chalcone analogs have been previously described. Th^ 
compounds have been used as fluorescent probes that may be useful for 
30 detection of fluorides (DiCesa,«, N. and Lakowicz, J. R., suprs) and 



saccharides such as glucose that may be applicable to the design of 

. Hi.hPtes (DiCesare N and Lakowicz. J. R.. supra). However, 
biosensors for diabetes (Dioesare. K«r«nir 
prior to this invenfcn no invesflgadons into the articancer aot^rty of boron,c. 
chalconis on different cancer cell lines have been reported. 
' c. i.. |iiiaRV OF T H'= IMVFNTION 

surprising^, it has now been found that certain novel <='^''<»"^= 
der^atives, in particular boronic chalcone dertva«ves. possess an^p^^eratwe 
ac«vity on cancer cells at micromolar concentrations. Aocordrngly. th« 
• invention provides .he design and synthesis of novel boronio 
derivatives and pharmaceutical compositions containing these compounds 
srer^l the com ounds described herein «ere observed to have h^h ac^.^^ 
me breast cancer cell lines tested and has been shown to be 6-9 fold ess tox.c 
To nol. MCF.12A cell lines compared to nonnal breast epithelial cel. l,nes. 
The novel boronic chalcone analogs disclosed herein should overcome the 
limiting lack of specificity of carboxylic acid analogs of chalcones. 

The present invention further investigates the potential value of MDM2 
as a da^ target for breast cancer therapy. '=°->«"""^' ' ^'Tl! and 
derivauve of mis InvenBon ma. inhibits MDM2 expression or b,nds and 
disrupts ^ MDM2 protein complex may be a useful compound for *e 
0 treat^ent^of breast cancer. While not Ashing to be bound by any theonr rt ,s 
' " rth;t me boronic acid analog might form a stronger saK b ge w. 
K51 of MDM2 than me corresponding cart^xylic acid analogs of chalcones 
an Will selectively inhib. grow* of breast cancer cells. Accordingly a s^ of 
Tolic acid-chalcone derivauves were designed and test^me. a^^^^^ 

« selecUvely kill breast cancer over nom,al breast eprthelial cells. 

,n general, one embodiment of the invention relates to boronio- 
chalcone compounds of me general Fomnula 1: 
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All publications, patents and patent applications disclosed herein are incorporated into this application by 

reference in their entirety. 



For example- "Sambrook etal.. Molecular Cloning. A Labora tory Manual (volumes l-lll) 1989, Cold Spnng 
Harbor Laboratory Press. USA". "Harlowe and Lane. Antibodies a Laboratory Manual 1988 and 1998. 
Cold Spring Harbor Laboratory Press. USA" and "Ausubel et at.. Current Protocols 2001. John Wiley 
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diagnostic platforms, cloning procedures, etc. that may be used in the practice of the instant invention. 
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